Strong stable layers are a common occurrence during western Colorado's winter. Analysis of radiosonde observations indicate wintertime boundary layer heights are near 500 m. The terrain in this region consists of mountains that rise approximately 1500-2000m above the ground to the east, providing an effective blocking barrier. An experiment is described to observe upwelling and downwelling, longwave and shortwave radiative fluxes at two sites in western Colorado during January and February 1992, for combinations of clear, cloudy, snow covered, and bare ground periods. Analysis of the observations and the surface energy budget for typical Bowen ratios provides a better understanding of the role of radiation in maintaining and destroying stable layers.
enough boundary layer to break a typical wintertime inversion. The 24-hour sensible heat flux was negative at both sites for the entire experiment with this Bowen ratio.
The radiation observations and the use of typical Bowen ratios lead to the conclusion that the net radiation will sustain or strengthen a stable atmosphere in the winter season in western Colorado. Analysis of the radiosonde observations confirm this result as the boundary layer depths were less than 500 m early in the experiment and grew to only 700 m later in the experiment.
Introduction
Stable layers in the lowest p o r t i o n of the a t m osphere are often found in the G r e a t Basin of the western U n i t e d States during the winter m o n t h s . S t r o n g stable layers, where the t e m p e r a t u r e is increasing or nearly c o n s t a n t with height, along with w e a k winds, act to decrease air quality as stable layers inhibit m o m e n t u m exchange between air near the surface and the air aloft. This leads to air s t a g n a t i o n and i n a d e q u a t e ventilation of locally g e n e r a t e d pollution, as discussed by W o l y n and M c K e e (1989). In an earlier pollution potential study, H o l z w o r t h (1962) d e m o n s t r a t e d that D e c e m b e r , J a n u a r y , and F e b r u a r y h a v e the greatest n u m b e r of low wind speed days at G r a n d Junction, C o l o r a d o . In addition, the a v e r a g e January mixing depth for G r a n d Junction (1946) (1947) (1948) (1949) (1950) (1951) (1952) (1953) (1954) (1955) was only 350 m. This low value was a t t r i b u t e d to the strength of the stable layers present.
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Three mechanisms seem possible for forming and maintaining these stable layers: advection of cold air near the ground and/or warm air advection aloft, formation of cold stable air from a net cooling at the surface, and blocking events. Mayr (1993) showed that blocking results in a vertically decoupled atmosphere such that cool, low level air is trapped upwind of the barrier. For this experiment, the Rocky Mountains provided the barrier to the east which rose 1500-2000 m above the surface stations.
All three mechanisms would seem to need radiation and the related energy budget to either build or maintain stable layers. The present discussion aims to provide a better understanding of the role of radiation in maintaining or destroying stable layers, primarily in winter at latitudes near 40 °N. A review is presented to show how net radiation affects the growth of the boundary layer, how the daytime boundary layer varies seasonally with latitude, and how evaporation influences the boundary layer. An experiment is described which was designed to observe upward and downward shortwave and longwave radiation in the winter season in western Colorado, USA. Results of the observations are shown for combinations of clear, cloudy, snow covered and bare ground periods.
Through the use of the surface measurements in conjunction with vertical profiles, this project shows quantitatively how stable layers are maintained along the western slope of Colorado. Low wintertime solar angles and surface evaporation reduce the net energy at the surface. Often, during the winter period, the diurnal cycle of radiation is such that the boundary layer does not grow to a height sufficient to recouple the surface to the free atmosphere above, as shown by Wolyn and McKee (1989) .
Surface based radiation measurements were used to determine the net energy input to the system. The effects of clouds and surface albedo were considered. Latent heating was considered also, and the daytime and nighttime periods were examined separately. The cumulative data were used to examine the energy budget at the surface, whether it was positive, negative or nearly zero.
Observations
Two standard meteorological stations were set up at the surface, in Grand Junction and Meeker, Colorado. The site locations and surrounding terrain are shown in Fig. 1 . Data were collected from Julian day 10 to Julian day 57, 1992. Ten minute sampled values were collected for temperature, humidity, wind direction, and wind speed. Ten minute averages were taken of the radiative fluxes, using two pair of horizontally mounted radiometers at 1 m above the surface, oriented to measure the upwelling and downwelling radiation. Eppley Precision Spectral Pyranometers ( In addition to the meteorological stations, selected NWS atmospheric soundings from Grand Junction were used to determine the depth of stable layers and the afternoon mixed layer heights.
Errors are an important consideration when measuring radiative quantities. The PSPs arrived calibrated by Eppley, but since the response of the instruments change with time, they were calibrated against other Eppley units that had themselves been calibrated against secondary standards. Eppley declares the accuracy of their instruments as _+ 1% of measured value, but at low solar angles this is probably optimistic. Duda et al. (1991) , gave an accuracy of these instruments to be +5Win -2
The PIRs also arrived calibrated, and their responses changed with time. More importantly, the calibration done at the Eppley factory is unsatisfactory for field work. A careful, blackbody calibration was done for these instruments. The absolute accuracy of a PIR is taken to be approximately + 10Win -2, from Duda et al. (1991) , but there is evidence that instruments calibrated together have a better relative accuracy.
The Meeker station (1989m) was set in the east-west oriented White River Valley. Higher elevations near Meeker are about 3000m as shown in Fig. 1 . This site was located over a field of short-clipped Russian rye. Snow covered the
